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R165blur over larger depth intervals. It is
important to understand that this
complementarity does not arise from
the physics, but from the physiology.
As Held et al. [2] explain, disparity
requires many neurons to encode
precisely. Blur is much cheaper to
encode, because it does not require
custom-built detectors comparing the
two eyes, but can use the spatial filters
already required for monocular vision
[8]. It appears the brain has therefore
opted for ‘gold standard’ depth only
near the current point of interest,
making do with ‘cheap and cheerful’
elsewhere.
As Held et al. [2] recognise, their
paper addresses only the space in
front of and behind fixation; it remains
to confirm that blur also improvesdepth
judgements to left and right, or above
and below, fixation. Our ability to, say,
duck overhanging branches while
keeping our eyes on the path ahead
suggests that we successfully sense
object distances even in our visual
periphery, and it would be surprising if
blur did not contribute to this too.The importance of blur has
implications for the growing industry
of stereoscopic 3D. Held et al. [2]
rightly point out that 3D content
needs to respect the geometrical
relation between blur and disparity.
For example, if a shallow depth of field
is used to blur large disparities which
otherwise might cause double vision, it
is important to ensure that the depth of
field is correct for the simulated scene
[9]; otherwise, objects may appear
miniaturised (compare Figure 3).
However, it is not clear how
successfully defocus can be simulated
in a 3D display, given that viewers in
non-laboratory situations are free to
look around the scene and alter their
accommodation. As blur fails to
respond correctly to changes in
accommodation, objects may be
perceived as having strangely fuzzy
edges, rather than sharp edges which
are out of focus. It remains to be seen
whether skilful use of blur in these
displays canmake large disparities less
disturbing and heighten the sensation
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Colonies of social insects (ants, bees,
wasps and termites) are typically
divided intovariousgroups—thecastes
and subcastes, each with a distinctive
morphology and devoted to particular
tasks: the queen is the only reproductive
female and specializes in producing
eggs, while workers forage for food or
nurse the queen’s progeny, and soldiers
protect the nest from attacks. The
evolution of complex caste systems
and the division of labour are thought
to have contributed to the evolutionary
success of social insects. However, the
developmental mechanisms underlying
the origin and evolution of the different
castes are poorly understood.
Studying the repeated evolution of the
supersoldier subcaste in the ant genus
Pheidole, a team lead by Ehab Abouheifrecently reported in Science [1] that
the developmental potential to form
this subcaste, although dormant in
most species, was present in the
common ancestor of all Pheidole
species. This, therefore, facilitated
the recurrent evolution of this subcaste
in multiple species.
Pheidole species typically comprise
two castes, the minor workers and the
soldiers [2]. The soldiers have
distinctively enlarged heads, which
earned Pheidole ants their nickname
of ‘big headed’ ants. In a few Pheidole
species, size variation among
soldiers led taxonomists to further
divide this caste into two subcastes:
simple soldiers and supersoldiers,
a bigger version of the former (Figure 1)
[3]. In Pheidole obtusospinosa, the
major function of the supersoldiers is
to protect the nest from army ant raids
by blocking its entrance with theirbig heads [4]. Supersoldiers are
known in only eight Pheidole species
that are scattered throughout the
family tree [5], a phylogenetic pattern
that, at a glance, would suggest
independent evolution of the
supersoldier subcaste in distinct
Pheidole species.
To tackle the question of how the
supersoldiers evolved, Rajakumar
et al. [1] first tried to understand how
this subcaste develops. Caste
assignment is determined during larval
development and is largely controlled
by environmental cues such as food:
different inputs at particular switch
points translate into different levels of
juvenile hormone, which in turn
modulates developmental trajectories
and sets the caste fate of each larva [6].
A first juvenile hormone-mediated
switch singles out the future queen
from the workers. A second
developmental switch, controlled by
nutrition, separates minor workers
from soldiers that produce more
juvenile hormone and therefore grow
bigger. But how are supersoldiers
specified developmentally?
Rajakumar et al. [1] noticed that in
two species forming a supersoldier
Figure 1. Headstrong.
Minor workers, soldiers, and supersoldiers of Pheidole ants (Pheidole tepicana) represent
different castes and subcastes of the same species with distinct morphologies. The ants
with the disproportionately large heads are supersoldiers, which can use their powerful mandi-
bles to mill seeds. (Photograph: Alex Wild/www.alexanderwild.com.)
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P. obtusospinosa, larvae fated to
become supersoldiers are bigger than
the larvae fated to become soldiers.
This observation suggested that the
distinction between soldiers and
supersoldiers could also involve
juvenile hormone levels. Rajakumar
et al. [1] tested this hypothesis by
exposing P. obtusospinosa
soldier-determined larvae to
a chemical analogue of juvenile
hormone. This treatment increased the
frequency of supersoldiers, showing
that a juvenile hormone-mediated
switch is involved in making
supersoldiers. Further, the result
indicated that the supersoldier
subcaste might have evolved by
changes affecting the same
developmental pathways that are
involved in soldier determination.
In addition, Rajakumar et al. [1]
observed anomalously large soldier
specimens in wild colonies of
P. morrisi, a species that do not form
a bona fide supersoldier subcaste.
This observation raised the idea that
several, if not most, Pheidole species
might have the capacity to produce,
even if at low frequency,
supersoldier-like variants. Because
natural supersoldier subcaste
determination is mediated by
a JH–dependent switch, Rajakumar
et al. [1] tested whether the formationof supersoldier-like individuals is also
influenced by juvenile-hormone level.
They dabbed P. morrisi
soldier-determined larvae with
a juvenile hormone analogue and
observed that this treatment induced
formation of supersoldier-like
individuals. Similar results were
obtained with two additional species
that only produce regular soldiers.
These results show that several
Pheidole species share the
developmental potential to form
a supersoldier subcaste, even if they
do not normally express it.
Remarkably, the dispersed position
of the inducible species in the Pheidole
tree suggests that the developmental
potential to form supersoldiers was
present in the common ancestor of all
Pheidole ants. In most descendant
species, this potential has been kept
silent, and it was reactivated
independently in few species, including
P. rhea and P. obtusospinosa.
Therefore, the apparent independent
evolution of a supersoldier subcaste
in these two species may reflect
the independent realisation of an
ancient, dormant developmental
potential. How, then, was this
ancient, environmentally inducible
developmental potential activated
and incorporated into the
developmental program of various
Pheidole species?The ancestral potential to form
supersoldiers can be evoked by
environmental cues (e.g. nutrition,
mediated by juvenile hormone) in
species that do not have a supersoldier
subcaste. It canalsoevolve intoastably
expressed and heritable phenotype in
some species [7]. These species would
have accumulated genetic changes
that made the environmental cues
dispensable or that changed the
sensitivity to these cues. Such genetic
changes could, for instance, increase
juvenile hormone production or raise
the sensitivity to this hormone after
the soldier-determination switch point,
thereby skewing the size range of
soldiers towards the high values of
supersoldiers. Rajakumar et al. [1]
envision this latter scenario to explain
the independent emergence of
supersoldier subcastes in Pheidole
species. One can indeed imagine that
the allele frequency of genes favouring
the formation of supersoldiers rose
in P. obtusospinosa, perhaps in
response to the selective pressure
imposed by army ant raids. This
would have progressively enabled
the emergence of a novel subcaste
that now constitutes about half
the soldiers in the colony in this
species [3].
The repeated evolution of similar
phenotypes is a pervasive
phenomenon [8,9] primarily seen as
the convergence towards the same
solution when organisms are
independently facing similar
challenges. One intriguing question
pertaining to this phenomenon is the
extent to which the same changes
(genetic, developmental) are
underlying repeated evolution. The
answer to this question largely
depends on the nature of the available
variation as a starting material. The
study of the Pheidole supersoldiers
illustrates how the retention of an
environmentally inducible
developmental potential may have
facilitated the formation of enlarged
soldiers. This facilitation simply
means that a predisposition to form
a new phenotype was available to
selection. Selection may then operate
on the existing genetic variation to
stabilize the phenotype and make its
expression independent from the
environment.
Although the retention of the
supersoldier developmental potential
spans up to 60 million years of
evolution and hundreds of speciation
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R167events, it is reminiscent of another
example on a shorter time scale in
stickleback fish. Marine sticklebacks
harbour heavy skeletal armor that
protects them from predators. Over the
last 10,000 years, countless
stickleback populations have
independently colonized freshwater
environments and have repeatedly lost
their body armor as it had become
a liability. This repeated major
morphological shift has been shown
to result from the recurrent recycling
in independent freshwater populations
of an ancestral genetic variation, a
reduced body armor allele present at
a low frequency in marine stickleback
populations [10]. Repeated
morphological evolution occurred
through the recurrent selection of the
same ancient genetic variant, rather
than through the evolution of novel
variants.In the case of the ant supersoldiers, it
remains to be seen whether the same
genetic changes, or at least changes
affecting the same developmental
pathways, are responsible for the
independent evolution of this subcaste
in the Pheidole genus.References
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